Elasmobranchs (sharks and rays) show an amazing diversity of reproductive modes and behaviors. Multiple paternity (MP) has been identified in all species where more than 1 litter has been investigated; yet neither direct nor indirect benefits from MP have been determined in elasmobranchs. This has led to the suggestion that MP in this group may simply be a product of convenience polyandry with variation in the frequency of MP driven by differences in mate encounter rates. Here, we use molecular markers to investigate polyandry and MP in 2 closely related and commercially important species of shark, Mustelus antarcticus and Mustelus lenticulatus. In total, 328 M. antarcticus embryos originating from 29 different mothers and 75 M. lenticulatus embryos originating from 19 different mothers were genotyped using 8 microsatellite loci. We find that MP occurs in both species. However, in both species, the majority of litters were sired by a single father. Our results do not support increased fecundity per se as a driver of MP. Further, our results do not suggest that high population densities with resulting high mate encounter rates generated by breeding aggregations necessarily lead to high frequencies of MP. Importantly, we note evidence of reproductive skew within polyandrous litters, which is a predicted outcome of postcopulatory mechanisms.
multiple paternity (MP), which is the result of polyandry, has been identified in all elasmobranch species for which more than 1 litter has been examined and which include egg layers, placental and nonplacental live bearers, and representatives of both sharks and rays (Chapman et al. 2004; Feldheim et al. 2004; Chevolot et al. 2007; Portnoy et al. 2007; Daly-Engel et al. 2010; Heist et al. 2011; Verissimo et al. 2011; Griffiths et al. 2012) .
MP is predicted to be driven by direct or indirect benefits (Jennions and Petrie 2000; Fedorka and Mousseau 2002) . Male elasmobranchs have not been documented to provide parental care or prenuptial gifts, behavior that would be expected to directly benefit females choosing multiple mates (Pratt and Carrier 2001) . Hypotheses for the evolutionary drivers of MP in elasmobranchs have included direct benefits from increased fecundity (Portnoy et al. 2007; Verissimo et al. 2011) or indirect genetic benefits such as MP as a means of inbreeding avoidance (Feldheim et al. 2004; Verissimo et al. 2011) . To date, however, no link has been found between any putative benefits and MP in elasmobranchs (Portnoy et al. 2007; Dibattista et al. 2008; Verissimo et al. 2011) . This has led to the suggestion that MP is instead a by-product of sexual conflict and mate encounter rate (Daly-Engel et al. 2006; Daly-Engel et al. 2010) . Selective pressure for males to mate multiple times when there is no paternal care is not disputed. MP may therefore result from convenience polyandry whereby females submit to multiple matings in order to avoid the physical costs associated with attempting to avoid copulations (Portnoy et al. 2007; Dibattista et al. 2008) . Under this scenario, different rates of MP observed among different elasmobranch species and even among different populations of the same species (Daly-Engel et al. 2007; Portnoy et al. 2007 ) are likely to arise from differences in the number of mate encounters (Daly-Engel et al. 2006) .
For some elasmobranch species, mate encounter rates may be influenced by a short insemination window. The structure of the elasmobranch reproductive tract suggests that for many species, the window of opportunity for successful insemination may be relatively short. Following ovulation and during pregnancy, uterine eggs and embryos are likely to obstruct the passage of sperm to the oviducal gland where ova are fertilized (Walker 2007) . Therefore, successful insemination may only be feasible between parturition and the next ovulation. Seasonal aggregations that increase population densities, and subsequently potential mate encounter rates during this window of opportunity, are likely to facilitate higher frequencies of MP. This mechanism is supported in reptiles, where studies of species with short breeding season, low population density, and presumably lower mate encounter rates have found lower levels of MP than studies of species with longer breeding season and higher population density (Uller and Olsson 2008) .
In this study, we investigate MP in 2 small, coastally associated species of ovoviviparous (nonplacental, live bearing) triakid shark, Mustelus antarcticus from southern Australia and Mustelus lenticulatus from New Zealand. These 2 species provide an interesting system to explore the influence of mate encounter rate on frequency of MP. Mustelus antarcticus and M. lenticulatus are phylogenetically close, estimated to have diverged around 1.3 million years ago (Boomer et al. 2012) . They share the same reproductive mode (ovoviviparous), with an approximately 1 year gestation (Francis and Mace 1980; Walker 2007) . However, the 2 species show some differences in reproductive and behavioral characteristics that are likely to influence mate encounter rates.
Mustelus lenticulatus uses estuaries and inshore localities for pupping and as nurseries for newborn pups (Hendry 2004; Francis et al. 2012) . The use of nurseries by M. lenticulatus females allows males to anticipate where and when high concentrations of females will occur. A spring-summer inshore migration of both adult M. lenticulatus males and females has been reported (Francis and Mace 1980) . The resulting inshore aggregations show a highly skewed sex ratio, composed mainly of males. This suggests that males come inshore to the nurseries, wait for females to come in and give birth, and then mate with them (Francis M, unpublished data) . Evidence of mating has been observed in these inshore aggregations (Boomer J, personal observation) . These inshore aggregations result in high, male-biased population densities during the peak reproductive period and so are predicted to increase mate encounter rates and opportunities for multiple mating.
Mustelus antarcticus shows differences in reproductive timing across its range with females predominantly producing pups every year in the west, but only every second year in the east of southern Australia (Walker 2007) . Genetic differentiation between these regions is not apparent, and the species forms a single genetic population around southern Australia (Gardner and Ward 1998; Boomer et al., unpublished data) . Juvenile M. antarcticus can be found in inshore localities, and mature sharks do school by sex in some areas (Lenanton et al. 1990; Walker 2010) . However, the use of defined nursery areas and/or breeding aggregations has not been described in M. antarcticus (Walker 2010) . Mating aggregations that facilitate convenience polyandry are less likely in species where females exhibit asynchronous reproduction because it is more difficult for males to predict when females are receptive to mating. This mechanism has been proposed as a potential driver of low levels of MP in Squalus species that exhibit asynchronous reproductive cycles (Daly-Engel et al. 2010) . In M. antarcticus, ovarian and parturition cycles are seasonal and relatively synchronous (up to 3 months variation among individual females) with a 1 year gestation, but in the biennial part of its range, most females undergo a quiescent period between gestations (Walker 2007) . If passage of sperm is only possible between parturition and the next ovulation, then the insemination window would be shorter for annually producing females than for biennially reproducing females. Indeed, there is some evidence to suggest a highly seasonal male reproductive cycle where females predominantly produce pups annually and a protracted male breeding cycle where females predominantly produce pups biennially (Walker 2007) . Coupled with sperm storage, which has been documented in M. antarcticus (Storrie et al. 2008) , this would suggest that if females take advantage of mating opportunities whenever they arise, the number of mate encounters and MP could be higher in the biennially reproducing part of the M. antarcticus range.
Given the ubiquity of MP in all elasmobranchs studied so far, we predict that MP will occur in M. antarcticus and M. lenticulatus. We aim to compare the frequency of MP in these species and with other elasmobranch species that have been investigated in order to explore the hypothesis that mate encounter rate drives frequency of MP. If predictable aggregative behavior and high population densities during breeding aggregations have a disproportionate effect on mate encounter dynamics, as proposed for sandbar sharks, Carcharhinus plumbeus (Daly-Engel et al. 2007) , then a high frequency of MP is expected for M. lenticulatus. Best available evidence suggests that M. antarcticus does not form breeding aggregations. Geographical discrepancies in reproductive timing potentially complicate mate encounter dynamics in this species, and a comparison of MP across the species' range is of interest. If a longer insemination window leads to the ability to encounter more mates, then we would expect higher levels of MP in the biennially reproducing part of the species' range. To account for possible direct benefits, we explore whether fecundity is associated with MP.
Materials and Methods
Sample Collection, DNA Extraction, and Amplification
Mother-embryo arrays consisting of a pregnant female and her in-utero litter were collected from commercial fishing vessels for both M. antarcticus and M. lenticulatus. We analyzed 19 mother-embryo arrays of M. lenticulatus collected from a single location, Manukau Harbour, northwest New Zealand and 29 mother-embryo arrays of M. antarcticus collected from 4 Australian regions: Western Australia (WA), South Australia (SA), Victoria (VIC), and New South Wales (NSW) (Figure 1 ). Litter size ranged 2-6 for M. lenticulatus and 3-37 for M. antarcticus. A flesh sample was collected from each mother and each embryo and stored in >70% ethanol.
DNA was extracted using a modified salting-out procedure (Sunnucks and Hales 1996) . We amplified 8 Mustelus specific microsatellite loci (MaND5, MaTJ5, MaWGT, Ma07B, MaWS1, MaD2X, MaUVJ, and MaFYP; Boomer and Stow 2010) . Forward primers were directly labeled with 6-FAM, VIC, NED, and PET fluorescent tags (Applied Biosystems). For each locus, PCR contained 10-50 ng template DNA, 200 μM each dNTP, 1× reaction buffer, 2 mM MgCl 2 , 10 μM forward primer, 10 μM reverse primer, and 1 unit of Taq polymerase. PCR amplification conditions followed Boomer and Stow (2010) .
Baseline allele frequencies were obtained for the 8 microsatellite loci for each species from a data set consisting of adult sharks collected from across the range of each species (M. antarcticus: n = 206 and M. lenticulatus: n = 175). We did not detect significant genetic differentiation across the range of either species (M. antarcticus: F ST = 0.001 nonsignificant, M. lenticulatus: F ST = 0.002 nonsignificant, unpublished data), and therefore, each species was treated as a single genetic unit. For each species, observed and expected heterozygosities were calculated for each locus using GENALEX6.41 (Peakall and Smouse 2006) . We tested for Hardy-Weinberg equilibrium at each locus under the null hypothesis of random union of gametes using the Markov Chain Monte Carlo method and default parameters implemented in GENEPOP4.0 (Rousset 2008) .
Analysis of MP
For each litter, we confirmed mother-embryo relationships by visually inspecting genotypes to ensure that for each locus, a pup shared at least 1 identical allele with its mother. We used a combination of 2 approaches to provide a more robust assessment of MP. We estimated frequency of MP as the percentage of litters identified with MP.
We implemented the multilocus approach of GERUD2.0 (Jones 2005) , which assigns the minimum number of fathers based on the number of paternal alleles present in the progeny array. This method cannot detect MP in a litter of 2 embryos because it is only possible to detect 2 paternal alleles, whereas identification of MP using this approach requires detection of 3 or more paternal alleles. We assessed the minimum number of fathers with GERUD2.0 in 16 litters of M. lenticulatus and 29 litters of M. antarcticus. Where there was more than 1 possible solution, we employed allele frequencies from the adult data set to rank the solutions in GERUD2.0. The solution with the highest probability was used to infer MP in that litter.
If litter sizes are small or there is reproductive skew, an allele-counting approach like that employed in GERUD2.0 is likely to underestimate MP (Neff and Pitcher 2002) . To quantify the probability of detecting MP (PrDM) based on finding 3 or more paternal alleles, we calculated the PrDM (Neff and Pitcher 2002) . For each litter, PrDM was calculated under 2 different scenarios: 1) two fathers with equal contribution (0.5, 0.5) and 2) two fathers with skewed contribution (0.8, 0.2), using the mother's known genotype, the number of pups in that litter, and allele frequencies from the adult data set. To use PrDM as a correction factor to account for litter size and reproductive skew in estimates of MP frequency (Neff and Pitcher 2002) , we averaged the number of pups in a litter (M. antarcticus: n = 11, M. lenticulatus: n = 4), used an unknown genotype for the mother, and calculated an average PrDM for each species under 3 different scenarios of reproductive skew:
1. Two fathers with equal contribution (0.5, 0.5), 2. Two fathers with moderately skewed contribution (0.7, 0.3) and 3. Two fathers with highly skewed contribution (0.9, 0.1).
The frequency of MP estimated as the percentage of broods with MP identified in GERUD2.0 was corrected using the equation (estimated MP) × (PrDM) −1 (Neff and Pitcher 2002) for each PrDM scenario.
The second approach to detecting MP was implemented in COLONY2 (Wang 2004; Wang and Santure 2009 ) and uses a maximum likelihood framework to assign maternity, paternity, and sibship based on multilocus genotypes. Individuals are assigned to family clusters including full siblings, half siblings, and parent-offspring relationships, where full-siblings clusters include all individuals that share both parents, whereas half-siblings clusters include individuals only sharing 1 parent. The number of fathers contributing to a litter or number of full-siblings clusters as well as each father's respective contribution or number of pups in each full-siblings cluster can be used to assess MP and reproductive skew. For each species, we used allele frequencies generated from the adult data set and included all offspring and mothers in the analysis. Allelic dropout rate was set to 0 because comparison of mother and embryo genotypes did not suggest the presence of null alleles. We allowed for genotyping errors (including mutations) at a rate of 0.02. Maternal sibship relationships were specified. Each analysis was run 3 times to examine consistency across runs.
Is MP Driven by Increased Fecundity?
In order to assess whether MP could be driven by increased fecundity, we tested the null hypothesis of no difference in litter size between monandrous and polyandrous litters. In both species, an increase in fecundity with increasing female length has been reported (Francis and Mace 1980; Walker 2007) . For M. antarcticus, we had total lengths (TLs) for 27 of the 29 mothers. In order to account for female size in M. antarcticus, we assessed the relationship between mean litter size and MP using an analysis of covariance and incorporating mother TL as a covariate for 27 litters. For M. lenticulatus, we did not have data on mother TL. Here, we tested whether mean litter size differed between genetically monandrous and polyandrous litters using a 2-sample t-test assuming unequal variances under the null hypothesis of equality (H0: u 1 − u 2 = 0).
Results

Summary Statistics
Following Bonferroni corrections for multiple tests, we could not reject Hardy-Weinberg equilibrium in any loci in either species, and therefore, all loci were included in analyses. Number of alleles, observed and expected heterozygosities are given in Table 1 .
Analysis of MP
The minimum frequency of MP estimated using GERUD2.0 was lower in M. lenticulatus at 13% than in M. antarcticus at 24% (Table 2) . Estimates of PrDM suggest that when contribution from multiple fathers is equal and the number of pups in a litter is above 4, then our estimates of MP using this method are fairly accurate (P > 0.9, Table 2 ). However, if within-litter paternal reproductive success is skewed and litter size is small, then the probability of accurately assessing the number of fathers may be as low as 0.4 (Table 2) . For M. antarcticus, corrected estimates of MP were similar to the uncorrected estimate under both equal and moderate skew scenarios but higher under the highly skewed scenario (Table 3 ). For M. lenticulatus, corrected estimates were higher than the uncorrected estimate under all scenarios (Table 3 ).
All litters identified by GERUD2.0 as MP were also identified by COLONY2 as MP, although COLONY2 suggested an additional father for 3 litters (NZ5, AUS14, and AUS28, Table 2 ) and 1 less father for 1 litter (AUS15, Table 2 ). Two M. antarcticus litters and 5 M. lenticulatus litters identified by GERUD2.0 as monandrous were found to have multiple sires in COLONY2. All these litters were small (3-4 pups) and had low probability of detecting multiple mating using the allele-counting approach (Table 2) . Of 3 litters of M. lenticulatus with a litter size of 2 and assessed only with COLONY2, 1 was identified as polyandrous and the other 2 as monandrous.
All MP litters with more than 2 pups identified in COLONY2 showed within-litter reproductive skew. In most cases, 1 male sired the majority of the litter and a second male sired only a single pup (Table 2) . We did not find any evidence to suggest that the allocation of the single pup to a second father was the result of a mutation or genotyping error.
Following corrections for a highly skewed scenario, estimates of MP frequency using the allele-counting approach (M. lenticulatus = 0.40, M. antarcticus = 0.35, Table 3 ) were similar to the frequency of MP estimated using the COLONY2 approach (M. lenticulatus = 0.42, M. antarcticus = 0.31, Table 2 ). We therefore chose to identify litters as polyandrous or monandrous based on the COLONY2 analysis.
Due to a lack of support for genetic structure, we treated each species as a single genetic unit and calculated frequency of MP as the number of MP litters/total number of litters. However, we note that there may be regional differences in MP frequency for M. antarcticus because the ratio of polyandrous to monandrous litters is 5:3 in WA, 1:8 in SA, 1:5 in VIC, and 2:4 in NSW (Figure 1 ).
Is MP Driven by Increased Fecundity?
For M. lenticulatus, there was no significant difference in litter size between genetically monandrous and genetically polyandrous litters (monandrous: n = 12, mean = 4.3; polyandrous: n = 7, mean = 3.3, degrees of freedom = 17, P = 0.093). For M. antarcticus, female TL was significantly correlated with litter size, but there was no significant correlation between litter size and MP (monandrous: n = 18, mean litter size = 12.8; polyandrous: n = 9, mean litter size = 9.2, female TL: P = 0.005, MP: P = 0.573).
Discussion
We identified MP in both M. lenticulatus and M. antarcticus, indicating that polyandry does occur in both species. However, in both M. lenticulatus and M. antarcticus, the majority of litters were sired by a single father. We found no evidence that MP increased fecundity, which concurs with the findings of previous studies that suggest a lack of support for direct or indirect benefits of MP in elasmobranchs (Feldheim et al. 2004; Portnoy et al. 2007; Dibattista et al. 2008; Daly-Engel et al. 2010; Verissimo et al. 2011) . Our results do not provide clear support for the hypothesis that high mate encounter rates generated by male-biased breeding aggregations necessarily result in high frequencies of MP. In addition, multisired litters showed evidence of within-litter reproductive skew, which is a predicted outcome of postcopulatory mechanisms (Eberhard 1996) . Below, we discuss our findings in relation to mate encounter, postcopulatory influences, and reproductive mode.
Mate Encounter Rates and Dynamics
Mustelus lenticulatus is predicted to have high mate encounter rates owing to seasonal male-biased breeding aggregations that form in relation to the use of nursery areas. However, the majority of litters examined for this species were monandrous, and levels of MP were only low/moderate compared with other elasmobranchs (for reviews, see Byrne and Avise 2012; Fitzpatrick et al. 2012; Portnoy and Heist 2012) . Mate encounter dynamics are less clear for M. antarcticus given regional discrepancies in reproductive behavior. Best available evidence suggests that M. antarcticus does not employ defined nursery areas or form male-biased breeding aggregations like those reported for M. lenticulatus, and therefore, high mate encounter rates resulting from breeding aggregations are not predicted for this species. Frequency of MP was slightly lower in M. antarcticus at 31% compared with 42% in M. lenticulatus. Although every effort was made to collect complete litters, premature abortion cannot be completely discounted, and it is possible that these represent underestimates. However, given that the largest litters of each species were found to be monandrous, we suggest that any undetected MP is likely to be minimal. Based on the results of this study, frequencies of MP identified in M. antarcticus and M. lenticulatus are very similar to each other and low/moderate in comparison with studies of other elasmobranchs (for reviews, see Byrne and Avise 2012; Fitzpatrick et al. 2012; Portnoy and Heist 2012 ) and do not provide clear support for the theory that high mate encounter rates experienced during breeding aggregations necessarily result in high frequencies of MP. Mustelus antarcticus appears to display some regional variation in MP frequency. Sample sizes were small and prevent robust statistical testing, but observations show that a much higher proportion of litters was genetically polyandrous in the sample from WA than in the other 3 regions. This variation does not appear to reflect regional differences in reproductive timing ( Figure 1 ) and therefore cannot be attributed to different mate encounter dynamics resulting from annual and biennial reproduction in different parts of the species' range. (Storrie et al. 2008) . A resolution to the issue of precopulatory mate choice is beyond the scope of this study and requires investigation of the social mating systems in these species. The nature of their habitat means that mating behavior is difficult to directly observe in most elasmobranchs. However, advances in tagging technology suggest that future studies will benefit from the ability to remotely infer mating behavior (Whitney et al. 2010 ).
Postcopulatory Influences on MP
Frequency of MP is not necessarily a reflection of the level of polyandry (multiple mating). If postcopulatory mechanisms influence paternity, then frequency of MP will not reflect the number of mating events and low levels of MP could be detected even if high mate encounter rates do result in high levels of polyandry. Sperm retention or storage has been documented in a number of elasmobranchs including M. antarcticus (Pratt 1993; Hamlett et al. 2002a; Hamlett et al. 2002b; Storrie et al. 2008) . Sperm storage facilitates postcopulatory influences on paternity. Such influences may simply reflect the timing of mating, with the first male to mate with the female or the male that the female mates with closest to ovulation fathering most or all of the offspring. Alternatively, postcopulatory mechanisms may involve selection, potentially influenced by sperm competition and/or female bias of fertilization (Uller and Olsson 2008) . Both of these postcopulatory selective mechanisms may be active in elasmobranchs. For instance, features of sperm storage tubules (secretory cells and cilia) identified in 3 species of triakid shark (M. antarcticus, Mustelus canis, and Iago omanensis) suggest that sperm can be nourished during storage and moved in and out of the storage tubules (Hamlett et al. 2002a; Hamlett et al. 2002b; Storrie et al. 2008) facilitating female influence on maintenance and selection of sperm. In addition, sperm competition is predicted to drive the evolution of traits that allow males to manipulate this competitive forum and, indeed, elasmobranchs show a great deal of variation in male genital and sperm morphology, which could be indicative of evolutionary pressures driven by postcopulatory selection (Jamieson 2005; Fitzpatrick et al. 2012) . If sperm storage does result in postcopulatory influences on paternity resulting from cryptic female choice, sperm competition, or simply timing of mating, then polyandrous litters should be skewed to 1 male (Eberhard 1996) . In both M. antarcticus and M. lenticulatus, polyandrous litters showed evidence of reproductive skew with 1 male having greater reproductive success. Within-litter reproductive skew has also been described in other elasmobranchs (Portnoy et al. 2007; Heist et al. 2011; Verissimo et al. 2011) .
Reproductive Mode
The genus Mustelus contains both placental and nonplacental species and therefore provides a potential model system for exploring the implications of different reproductive modes. To achieve this, baseline information on mating systems across the phylogeny is required, and this knowledge is currently limited. A recent study of Mustelus henlei, a placental species, identified MP in 13 of 14 litters (93% MP) (Byrne and Avise 2012) , which contrasts with the finding of <50% MP in the 2 nonplacental Mustelus species examined here. Potentially, embryonic development modes, along with sperm storage mechanisms, might predict levels of MP. Oviparous elasmobranch species, where successive inseminations can occur throughout the ovulation period and which have highly complex oviducal (sperm storage) glands, have the highest frequencies of MP (>90%) (Chevolot et al. 2007; Griffiths et al. 2012) . In contrast, some squalomorph sharks have the lowest frequencies of MP (Daly-Engel et al. 2010; Verissimo et al. 2011) . These species have minimally developed oviducal glands and following fertilization, eggs are encased in a single candle that fills the uterus, likely prohibiting additional matings (Hamlett 2005; Daly-Engel et al. 2010) . Placental species examined to date have all been from the order Carcharhiniformes and have generally shown high frequencies of MP (Feldheim et al. 2001; Daly-Engel et al. 2007; Portnoy et al. 2007; Dibattista et al. 2008; Byrne and Avise 2012) , the exception being Sphyrna tiburo with 19% MP (Chapman et al. 2004) .
For comparisons of placental and nonplacental Mustelus, it is unlikely that differences in frequency of MP simply reflect differences in complexity of sperm storage mechanisms or insemination pathways. In shark species that develop yolk sac placentae, uterine compartments that encapsulate each embryo separately form during embryo development (Schlernitzauer and Gilbert 1966) , and these could obstruct sperm from reaching the oviducal gland if mating occurs after embryos have begun to develop (Walker 2010) . This feature is not characteristic of nonplacental species but has been described in nonplacental Mustelus species including M. antarcticus (Walker 2007) and M. lenticulatus (Parker 1882) . Therefore, once uterine compartments have formed, chances of successful insemination are likely to be low in both Table 3 Estimates for level of MP using GERUD2.0 uncorrected and corrected for 3 different paternal input scenarios: 1) two fathers with equal contribution (0.5, 0.5); 2) two fathers with moderately skewed contribution (0.7, 0.3); and 3) two fathers with highly skewed contribution (0.9, 0.1) (Hamlett et al. 2002b; Storrie et al. 2008) . Given the above similarities, differences in frequency of MP identified between placental and nonplacental Mustelus are intriguing and question whether such differences relate to physiology of placental versus nonplacental reproductive modes or reflect selective pressures induced by each reproductive mode. Investigation of MP in more species of Mustelus would be beneficial for investigating the role of embryonic development mode on frequency of MP. Furthermore, this group lends itself to the study of such questions because its commercial importance allows for the collection of reasonable numbers of samples (mother-embryo arrays).
Intraspecific Variation in MP
Although samples sizes were small, the Western Australian collection had a higher proportion of MP litters than each of the other sampling localities (Figure 1) . Differences in the frequency of MP have also been described between regions in C. plumbeus (Daly-Engel et al. 2007; Portnoy et al. 2007) , suggesting that plasticity in MP frequency would not be unique to M. antarcticus. In reptiles, it has been suggested that local and annual variation in climatic conditions (e.g., variability in temperature), which strongly affect activity patterns, will also affect the strength of pre-and postcopulatory sexual selection and so may cause variation in MP across different spatial and temporal scales (Uller and Olsson 2008) . Genetic heterogeneity has not been found among regions in either of our study species (Gardner and Ward 1998; Hendry 2004) and given that we found a lack of genetic differentiation across its range, we have treated M. antarcticus as 1 population. However, we cannot reject the hypothesis that differences in environmental variables drive different frequencies of MP across the range of M. antarcticus, and this possibility requires further consideration in future studies of MP.
Conclusions
Our results extend our knowledge of elasmobranch mating strategies. We find polyandry in both M. antarcticus and M. lenticulatus, which confirms our expectation based on the prevalence of polyandry in other elasmobranch species. However, the frequency of MP is less than 50% in both species, which is low/moderate compared with other elasmobranch species. The occurrence of sperm storage and within-litter reproductive skew in a number of species of elasmobranchs suggests that sperm competition and cryptic female mate choice could be important variables influencing the within-and amonglitter frequency of MP and requires attention. Given that period of sperm retention and sophistication of sperm storage mechanisms are likely to differ among species, the degree to which MP is influenced by postcopulatory mechanisms may also be species dependent. Studies of mating systems need to incorporate both social behavior and genetic output to facilitate investigation of the outcomes of sperm storage and influence of postcopulatory mechanisms. The differences identified between frequency of MP in nonplacental (this study) and placental (Byrne and Avise 2012) Mustelus suggest that embryonic development mode warrants further consideration in studies of MP. Future studies should also take into account the potential for spatial and temporal influences on the frequency of MP.
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